Introduction
The debate over conserving lands in the western U.S. has often centered on the role of livestock ranching in landscape conservation. Critics of ranching cite damage from grazing and advocate the removal of cattle from both public and private rangelands ( Fleischner 1994; Wuerthner 1994; Donahue 1999) , whereas others cite the importance of ranching in preserving open space and advocate grass banking and other rest programs to restore rangelands and the economic viability of ranching ( Blakeslee 2000; Wilkinson 2000) . Implicit to both these arguments is the assumption that removal of cows is the best means of restoring degraded rangelands. Although the notion that a landscape degraded by grazing will naturally recover following removal of cattle is intuitively satisfying, the following evidence illustrates that degraded rangelands do not necessarily recover by rest alone, and that the conservation of grazed lands requires restoring and sustaining natural processes.
Consequences of Livestock Grazing
Three of the most comprehensive studies of grazing over the last decade have been conducted by Milchunas and Lauenroth (1993) , Stohlgren et al. (1999), and Jones (2000) . A paper by Fleischner is not discussed here (1994) because that paper is generally not considered a comprehensive review of the literature ( Brussard et al. 1994; Brown & McDonald 1995; Curtin 1995; Jones 2000) . Milchunas and Lauenroth (1993) analyzed a worldwide 236-site data set compiled from studies comparing species composition, aboveground net primary production (ANPP), root biomass, and soil nutrients of sites with and without grazing. None of these variables differed consistently between grazed and ungrazed areas. Changes in plant-species composition were primarily a function of ANPP and the history of grazing on the site, with grazing intensity third in importance. These three variables explained over 50% of the variation in species' responses to grazing or rest. Percent differences in ANPP between grazed and ungrazed sites decreased in areas with an evolutionary history of grazing. Therefore, differences between grazed and ungrazed sites were more dependant on geographic location than on whether an area was grazed or not or how intensively it was grazed. Finally, there was no relationship between ANPP and grazing or between root mass and grazing. Stohlgren et al. (1999) contrasted 26 long-term grazing exclosures in Colorado, Wyoming, Montana, and South Dakota. These exclosures were 7-60 years old and averaged 30 years without livestock. The authors found no difference between the number of species and their relative abundance; cover by grasses, forbs, shrubs; soil texture; or soil percentage of nitrogen and carbon between plots in grazed and ungrazed areas. The authors concluded that 1) grazing probably has little effect on native species richness at landscape scale; 2) grazing probably has little effect on the accelerated spread of most exotic species at landscape scales; 3) grazing affects local plant species and life-form composition and cover, but spatial variation is considerable; 4) soil characteristics, climate, and disturbance may have greater effects on plant species diversity than do current levels of grazing; and 5) few plant species show consistent, directional responses to grazing or cessation of grazing. Jones (2000) conducted a quantitative review of the effects of cattle grazing on 16 response variables ranging from soil properties to rodent-species diversity and vegetation cover. All analyses tested the one-tailed null hypothesis that grazing has no measurable effect on the measured variable. Although 112 studies were screened for inclusion in the analysis, Ͻ 50% included enough information on experimental design and results to be included in the analysis. Therefore, an unavoidable shortcoming of the study, recognized by the author, was that there were not enough data to sort by grazing intensity, resulting in all types of grazing regimes and intensities being lumped in the analysis. Eleven of 16 analyses (69%) revealed significant detrimental effects of cattle grazing. Yet because nearly all of the 54 studies analyzed were quasi-experiments without randomly assigned controls and treatments, the author states that she can "not infer causation between results presented in this review and western rangelands in general."
The three distinct approaches to grazing produce different insights. Work by Milchunas and Lauenroth (1993) indicates a global pattern of increased sensitivity to grazing with increased aridity and/or lack of an evolutionary history of grazing. Stohlgren et al. (1999) 
Conclusions
Grassland and savanna ecosystems are sustained through the dynamic interaction of fundamental processes, including climate, fire, grazing by native species, and human culture (Manning 1995; Western 1997; Frank et al. 1998; Keesing 1998; Knapp et al. 1999; Curtin & Brown 2001; Flannery 2001) . Despite the widespread knowledge that the composition of grasslands and savannas is the result of the interaction of these fundamental dynamic processes, most grazing studies manipulate only one variable, removal of cattle. The inadvertent consequences of not controlling for key driving variables (e.g., climate, fire, native herbivores, human activities) and only removing cattle is that studies limited to contrasting grazed and ungrazed areas cannot accurately reveal the ecological implications of grazing.
The studies by Milchunas and Lauenroth and Stohlgren et al. illustrate that, carefully applied, the comparative approach can be a powerful tool because it integrates grazing-removal treatments containing different variables. But because these studies focus on exclusion from grazing, they also demonstrate that removing cattle from the landscape alone will not necessarily lead to the recovery of rangelands. Therefore, those who advocate rangeland conservation programs such as grass banks must accompany those projects with clearly defined restoration goals and management actions and must follow up with careful and consistent monitoring to assure that objectives have been attained-they cannot assume rangelands will recover on their own. As stated by McPherson and Weltzin (McPherson & Weltzin 2000) in recent literature review, "although livestock grazing (particularly in combination with other factors) played an important role in vegetation change shortly after Anglo settlement, excluding livestock from most sites now will have little or no impact on the abundance of woody plants or nonnative herbs during the next several decades.
Preliminary studies in the Arizona-New Mexico borderlands indicate that climate is the overriding factor determining the outcome of management actions, suggesting that close attention should be paid to climatic patterns when grazing or fire treatments are implemented (McPherson and Weltzin 2000 , Curtin and Brown 2001 , Curtin et al. 2002 . Grass banking and other programs coupling rest and restoration need to be flexible to account for climatic variation because in arid lands, vegetation response to management may be delayed, often several seasons, until adequate rainfall occurs (C.G.C., unpublished data). This means that monitoring of management or restoration must also be flexible and long-term and should be planned for well beyond the immediate post-management sampling typical of many studies.
Land managers and researchers must move beyond studies whose primary experimental treatment is the removal of livestock and instead look for the climatic conditions and disturbance factors that interact with grazing to produce ecological effects. This will entail both effective, compatible, and widespread monitoring (e.g., National Research Council 1994) and implementation of landscape-level experimental studies (e.g., Knapp et al. 1998; Young et al. 1998; Curtin et al. 2002) . Because of the inherent limitations and expense associated with academic and agency-related research initiatives, this is unlikely to be attained completely through conventional federally funded research programs on public lands, but will almost by necessity involve collaborative relationships with land owners and local communities, with support from the private sector (Curtin et al. 2002) . Because grazing occurs primarily on private lands ( National Research Council 1994), regardless of public policy, grazing will continue on a sizable portion of land in the western United States. Therefore, the challenge to conservation biologists and land managers is to better understand the ecological implications of livestock management, to better determine the environmental thresholds at which grazing can have negative or positive consequences, and to work toward land uses that preserve the ecological, economic, and social fabric of the land.
